Although cationic polymers are widely used for DNA delivery, the relationship between the properties of the formed complexes and their biological activity is not fully understood. Here, we propose a novel procedure consisting of superresolved images coupled with quantitative colocalization to analyse DNA release in living cells. This work compares the different workflows available in a quantitative colocalization study of DNA delivery using polyethylenimine as transfection reagent. A nimble workflow with deconvolution in three-dimensional images was developed. Among the different colocalization coefficients, Manders' colocalization coefficient was the best to track the complexes. Results showed that DNA/polyethylenimine complexes were tightly interacting at the time of transfection and their disassembly was observed between 2 and 10 h after their uptake. Heterogenicity was found in the intracellular fate of each complex. At 24 h, some complexes were still present underneath the nuclear envelope. Overall, this study opens the door for particle tracking assessment with three-dimensional imaging at intracellular level.
Introduction
Transient gene expression is a widely used strategy in the early development stages of a bioproduct. Typically, a DNAcoding plasmid is added to cells and the product is recovered between 1 and 15 days posttransfection from the cell culture (Gutiérrez-Granados et al., 2018) . One of the most used DNA complexing reagents is polyethylenimine (PEI). PEI is simple to use, compatible with suspension cells and serum-free media (Gutiérrez-Granados et al., 2018) . PEI molecules have demonstrated their ability to efficiently introduce DNA into Correspondence to: I. González-Domínguez, Department d'Enginyeria Química Biològica i Ambiental, Universitat Autònoma de Barcelona, Bellaterra, Cerdanyola del Vallès 08193, Barcelona, Spain; e-mail: Irene.Gonzalez@uab.cat cells (Boussif et al., 1995) . The cationic amines from PEI neutralize the negative charges of DNA upon complexation, protecting it from nuclease degradation. The resulting positively charged complexes interact with the cell membrane and are uptaken by the cells via endocytosis (Xiang et al., 2012; Yue & Wu 2013; Hwang et al., 2015) . By means of the known 'proton sponge' effect, complexes are thought to escape from the endosomal/lysosomal pathway to the cytoplasm, releasing the DNA plasmid into the nucleus (Boussif et al., 1995; Yue & Wu 2013) , although other mechanisms have also been claimed to be involved in this process (Benjaminsen et al., 2012; Yue & Wu 2013) .
DNA/PEI complex formation has been characterized in vitro by several techniques including gel retardation assay, dynamic light scattering or Fourier-transform infrared spectroscopy (Choosakoonkriang et al., 2003; Han et al., 2009) . Godbey et al. (1999) were the first to observe the process in vivo, and further studies of DNA/PEI complexes trafficking have been performed (Suh et al., 2005; Han et al., 2009; Shi et al., 2013) . Despite the aforementioned works, the relationship between the DNA/PEI complex properties and its biological activity has not been completely established yet (Choosakoonkriang et al., 2003) . For this reason, more efforts must be undertaken to better understand DNA release from DNA/PEI complexes (Yue & Wu 2013) . Here, we propose a novel application consisting of confocal laser scanning microscopy (CLSM) coupled with quantitative colocalization to study this process. A standard PEI-mediated transfection protocol in human HEK 293 cells was used as a study case . In previous studies, Cervera et al. (2017) showed the presence of DNA/PEI complexes in all transfected cells, while just a percentage of them finally presented protein production. Thus, it can be considered that the different behaviour of complexes, in terms of DNA release, promote a favourable or unfavourable expression of the gene of interest.
CLSM has been used for the characterization of intracellular processes. Colocalization is commonly carried out in biological sciences to investigate localization of proteins, organelles, ions and cells (Bolte & Cordelières 2006; Dunn et al., 2011; Sheng et al., 2016) . This technique is based on a pixel-wise correlation between signals of two or more colour channels. However, its quantitative application is highly sensitive to artefacts and outcomes can be influenced by a variety of parameters, such as sample preparation and image preprocessing and postprocessing (Bolte & Cordelières 2006; Zinchuk and GrossenbacherZinchuk 2014) . In the last decade, quantitative colocalization approaches have increased due to the development of new technologies in the CLSM field. One of these advances is the use of three-dimensional (3D) imaging software, involving a set of digital tools for image treatment with many quantitative colocalization coefficients (Bolte & Cordelières, 2006) . Due to the novelty of the technique and the need for unbiased and reproducible analysis protocols, there are several workflows for the quantification of colocalization that should be optimized for each specific sample.
The application of quantitative colocalization for tracking DNA/PEI disassembly requires a deep analysis of the different alternatives available (Pike et al., 2017) . In Figure 1 , a scheme of the steps performed in this study is depicted. On the one hand, labelling and detection of such particles requires a low intrusive strategy to reduce side effects on DNA/PEI complexes biological activity. It has been reported that the alteration of complex size or charge density can affect particle efficiencies (Chu et al., 2014; Chen et al., 2016) . In this work, the covalent labelling of DNA and PEI with Cy3 and Cy5 fluorochromes, respectively, was performed to monitor the process. By contrast, acquisition conditions and preprocessing parameters are also relevant aspects that should be improved (Reitan et al., 2012; Pike et al., 2017) .
In addition, superresolution by deconvolution could be also included (Zeng et al., 2017) . This aims to remove corruption and out-of-focus contribution within image data. However, a wrongly executed method can severely bias the results. Overall, there are several software available to this end (Dunn et al., 2011) . Here, two programs have been chosen: (1) JACoP (Just Another Co-localization Plug-in) (Image J. Image Processing and Analysis in Java, n.d.) a free software, which is continuously updated by users with new generation advances; and (2) Imaris software (BITPLANE, Oxford Instruments, Zurich, Switzerland), which allows the analysis of 3D volume image quantitative colocalization (BITPLANE, Oxford Instruments, n.d.) . Moreover, in Figure 1 , a summary of different colocalization coefficients analysed in this study is presented.
The aim of this work was to evaluate the applicability of quantitative colocalization to track DNA/PEI disassembly process in a previously developed platform for the generation of HIV-1 based virus-like particles . To achieve this end, several points were studied: (1) the optimization of acquisition parameters, (2) the improvement of sample quality by deconvolution, (3) a comparison of two different software programs available and (4) the study of the different colocalization coefficients. All the data obtained from these analyses enabled the selection of the best workflow to study the DNA/PEI complexes at intracellular level and thus, could be used in other studies of tracking particles in live cells.
Methods

Cell line, media and culture conditions
A serum-free suspension-adapted HEK 293 cell line (HEK293SF-3F6) was kindly provided by Dr. Amine Kamen (McGill University, Montreal, Canada). Cells were cultured in supplemented Freestyle 293 medium (Invitrogen, Carlsbad, CA, USA) as previously described . Cell count and viability were determined using Nucleocounter NC-3000 (Chemometec, Allerod, Denmark).
Covalent labelling of PEI
Linear 25 kDa PEI (25 kDa, Polysciences, Warrington, FL, USA) was covalently labelled with Cy5 monoreactive dye (Amersham, GE Healthcare, Little Chalfont, UK) by suspending one vial with 2 mg of PEI dissolved in 1 mL of PBS at pH 8.0. Protocol was adapted from Han et al. (2009) . The reaction was performed for 4 h at room temperature with continuous mixing. The excess of Cy5 was removed by dialysis with a 5 kDa cut-off tubing cellulose membrane (Sigma Aldrich, San Luis, AZ, USA) in a 2 L solution with PBS pH 7.4 at room temperature for 7 days. PBS replacement was performed every 24 h. PEI labelling was confirmed by absorbance measurements with Nanodrop 1000 (Thermo Scientific, Wilmington, DE, USA). PEI-Cy5 was stored at -20°C protected from light.
Covalent labelling of DNA
pGag-eGFP plasmid, used in this work for the production of HIV-1 Gag-GFP virus-like particles, was obtained and prepared as previously described . The DNA-plasmid was labelled with Cy3 fluorochrome using the Label IT R Traker TM Kit (Mirus Bio Technology, Madison, WI, USA) following manufacturer's instructions. Briefly, labelling reaction was incubated for 1 h at 37°C with 0.25:1 (v:w) ratio of Label IT R Tracker Reagent to DNA. Unreacted Label IT R Tracker TM Reagent was removed by ethanol precipitation. Note that 0.1 volume of 5 M NaCl and 2 volumes of ice cold 100% ethanol were added to the reaction and placed in a -20°C freezer for 30 min. Then, the supernatant was discarded by centrifugation at 17 000 × g for 10 min. Finally, the pellet was washed with 70% ethanol and centrifuged for 10 min at 17 000 × g. Supernatant was discarded from this centrifugation. The plasmid was quantified after staining using NanoDrop 1000 (Thermo Scientific) and diluted to a concentration of 100 μg mL -1 in MilliQ water. A mixture of 50% DNA-Cy3 and 50% unlabelled DNA was complexed with PEI-Cy5. After the incubation of 15 min, DNA/PEI complexes were added to the cell culture. Samples were collected every 2 h and fixed with 2% formaldehyde. Acquisition: Five or six field images were taken from each sample containing around 5 cells per field. Acquisition parameters and preprocessing data were optimized prior to the sample recording. Deconvolution treatment in 3D quantitative colocalization was analysed. Software: Two available software were evaluated in terms of colocalization coefficient availability and digital imaging analysis possibilities. Colocalization coefficients: The kinetics of DNA/PEI complex disassembly was quantified by several colocalization coefficients. The effect of deconvolution on those mathematical formulas was studied as well as its usefulness to quantitatively describe DNA delivery process.
Sample preparation and transient transfection of HEK 293 cells
Prior to transfection, HEK 293 cells were dyed with Hoechst 33342, trihydrochloride, trihydrate 10 μg mL -1 (Life Technologies, Bedford, MA, USA), which stains the nuclear DNA in blue colour at a final concentration of 1 μL mL -1 . After 10 min of incubation protected from light at room temperature, the mixture was centrifuged at 300 × g for 5 min and cell pellet was resuspended with nonsupplemented FreeStyle fresh cell culture media (Invitrogen). Then, transient transfection was performed by the addition of DNA/PEI complexes to the cell culture. HEK 293 cells were cultured in 6-well plates culture and samples were collected every 2 h after transfection and fixed with 2% formaldehyde.
DNA/PEI complexes were formed as previously described . Briefly, Cy3 labelled pGag-eGFP plasmid and pGag-eGFP in 1:1(w:w) ratio were diluted in FreeStyle 293 medium (Invitrogen), and vortexed for 10 s. Complexes were formed with the addition of PEI-Cy5 (PolySciences) in 1:2 (w:w) DNA:PEI ratio and vortexed three times. The mixture was incubated for 15 min at room temperature and added to the cell culture.
Confocal laser scanning microscopy
Confocal microscopy analysis was performed by TCS SP5 Leica Spectral confocal microscope (Leica Microsystems, Wetzlar, Germany). The confocal images were acquired using a HC × PL APO Lambda blue 63×/1.4 oil immersion objective at Servei de Microscòpia (Universitat Autònoma de Barcelona, Barcelona, Spain).
Hoechst 33342 was excited with a blue diode laser (405 nm) and detected in the 425-490 nm. DNA-Cy3 was excited with an orange diode laser (561 nm) and detected in the 575-630 nm. PEI-Cy5 was excited with a HeNe laser (633 nm) and detected in the 650-795 nm range. Bright field was visualized using the last laser. The detector gain and offset values were adjusted to use the entire dynamic range of the detector and to avoid oversaturated voxels. Sequential acquisition settings were used to avoid interchannel crosstalk. The confocal pinhole was set to 1 airy unit. To study the colocalization in three dimensions, Z stacks of 15 sections were acquired every 1 μm along the cell thickness. Appropriate negative controls were used to adjust confocal settings to avoid nonspecific fluorescence artefacts. To compare the confocal data, identical confocal settings were used for image acquisition of different experiments. Final images were examined with LAS AF TM software (Leica Microsystems, Heidelberg, Germany).
Quantitative colocalization analysis
Image deconvolution was performed with Huygens Essential software v 4.4 0p6 (SVI, Leiden, the Netherlands). The point-spread function was calculated theoretically based on the imaging parameters. Signal-to-noise ratio was set to 30-40. Deconvolution was performed by means of maximum likelihood estimation algorithm. Quantitative colocalization analysis was performed using raw and deconvolved images with Imaris x64 v7.2.1 software (BITPLANE, Oxford Instruments) and ImageJ Fiji (Image J, Public Domain) with JACoP (Just Another Co-localization Plug-in) (Image J. Image Processing and Analysis in Java, n.d.). The specific threshold conditions for each channel were 14 arbitrary units (a.u.) for the DNA channel and 7 a.u. for the PEI channel. 3D imaging reconstructions were performed with Imaris x64 v7.2.1 software (BITPLANE, Oxford Instruments, n.d.).
Results
Experimental design and qualitative results
The DNA delivery and release at intracellular level in a PEI-mediated transient transfection process was successfully tracked by CLSM (Fig. 2) . The use of covalently labelled DNA and PEI enabled the reproduction of the standard HIV-1 Gag-GFP virus-like particle production process. Flow cytometry and fluorometry analysis results (data not shown) were similar to those present in previous works Notes: a Parameters have been maintained during all the experiments. Detection was adapted to DNA/PEI complexes characteristics by optimizing acquisition parameters. Furthermore, with views to perform quantitative colocalization studies, images were processed as 3D image volumes by fixing background and threshold values (as described in section 'Quantitative colocalization analysis'). Finally, the application of deconvolution was assessed. 2017). Furthermore, the staining of cell nucleus with Hoechst was stable throughout 24 h posttransfection (hpt).
The disassembly of DNA/PEI complexes was clearly evidenced in Figure 2 . DNA/PEI complexes were observed as small aggregates with a micrometric-size as yellow dots just after their delivery to the cells (Fig. 2 , white arrows at 0 hpt). Complexes were spread throughout the cell volume. Different behaviours were pointed when the DNA (green) and PEI (red) were traced during complex internalization (Fig. 2) and separated signals are observed at 10 hpt (Fig. 2 , white arrows at 10 hpt).
Optimization of data acquisition and preprocessing image treatment
The features present in DNA/PEI complexes required the optimization of the acquisition settings in quantitative colocalization. In Table 1 , the optimized conditions are shown. The use of nondigital zoom, and the application of low laser intensities with hybrid detector intended to reduce potential photobleaching due to the small size of complexes. Overall, images were taken sequentially, avoiding crosstalk fluorescence emission and keeping the same acquisition parameters between samples.
Once the images were recorded, a correct assessment of colocalization required the set of several conditions. Background correction and threshold set up are the most important factors that could affect quantitative results. It is important to note that in confocal images, 30% of all signal recorded from one channel could be background noise values since is the accepted percentage of noise level (Landmann & Marbet, 2004) . The extent of background depends on several factors, such as the fluorescence of the dyes and the acquisition parameters and settings. Background can be also suppressed using filters and deconvolution. Filtering recovers a pixel value from surrounding areas and compute a weighted average. It could result in loss of resolution as well as introduction of artefacts. With the aim to avoid these side effects, background and threshold were fixed at low values in all the colocalization analyses based on negative control.
Furthermore, data can be processed in several ways. Numerous studies of colocalization have been done in twodimensional and 3D images. For the detection of DNA/PEI complexes, the use of 3D approach was selected since they were distributed throughout the volume of the cell and a different mode of analysis could underestimate the colocalization results. Moreover, images can be analysed as a whole or divided in regions of interest, which could be delimited automatically or manually. Manual selection, which is the option sometimes selected, may imply the introduction of bias and error and is both time consuming and complicated for 3D images (Pike et al., 2017) . Preliminary studies were performed by processing the images with regions of interest (Supporting information, S1), achieving similar results to those obtained by using whole images. Therefore, the analysis of whole 3D images was chosen for further analysis.
Effect of deconvolution on image quality
Deconvolution uses the image properties of the optical system in the form of point spread function for returning the light to where it was originated. This mathematical method improves noise levels and produces more contrasted images (Sarder & Nehorai, 2006) . Despite being an attractive proposal, the use of deconvolution remains widely unknown in this area of research. One of the possible reasons that contribute to this fact is the absence of a generalized workflow for imaging denoising processes (Reitan et al., 2012) . Upon the available deconvolution methods, the use of maximum likelihood algorithm was selected (Table 1) . This iterative algorithm is highly recommended in the presence of high noise levels. Furthermore, its usage is allowed without any previous optimization, which would be really difficult to perform on DNA/PEI complexes due to their small size (Sarder & Nehorai, 2006 ). In Figure 3 , the scatter plots of DNA/PEI channels before and after deconvolution treatment are depicted. In a scatter plot, the intensity of every pixel for each intensity channel analysed is plotted one against another. Scatter plot of every volume sample at each time was analysed (data not shown).
The kinetics of DNA/PEI disassembly was observed in these graphs. At 0 hpt, all pixels were concentrated in the diagonal of the scatter plot with same intensity for both channels in colocalized pixels. Colocalization decreased at 4 hpt and 10 hpt since fewer pixels were in the diagonal. Of note, pixels under PEI threshold increased, suggesting PEI-Cy5 dissociation along the DNA release.
Image quality improved with deconvolution when compared with raw data. Colocalized pixels were better detected since the ones in the diagonal of the scatter plot presented higher intensities. Furthermore, the mathematical treatment enabled the removal of practically all noise level below the threshold values being more efficient with structured images, as in DNA channel (X-axis, green). Overall, deconvolution improved raw individual pixel colocalization detection, notwithstanding the general trend was clearly traced for both raw and deconvolved data.
Evaluation of deconvolution treatment in colocalization coefficients
Despite it was clearly evidenced in the scatter plots the improvements obtained through deconvolution, less is known about its effect on colocalization coefficients. The aim of this section was (1) to evaluate this effect on the study of DNA delivery processes and (2) to select the best one for its further use in similar studies.
Several algorithms have been developed for the calculation of colocalization. As it was observed in Figure 2 , DNA/PEI complexes were visualized as micrometric structures. Consequently, the colocalization analysis of these complexes presents intrinsic problems, since these currently established formulas are normally used for the study of subcellular location, which normally presents higher areas. The quantification of colocalization between two fluorescence channels can be broadly divided into two categories: (1) methods that consider only the presence of both fluorophores in individual 
Pearson coefficient
Pearson coefficient on the data set Describes the correlation of the intensity distribution between channels (Dunn, Kamocka, and McDonald 2011) Ranges from -1 to 1 pixels and (2) those that examine the relationship between intensities (Adler & Parmryd, 2010) . It has been previously reported that Type II are highly recommended in receptor trafficking studies (Reitan et al., 2012) . In this work, Type II coefficients have been evaluated. Nonetheless, the percentage of colocalized volume (Type I) was also studied for comparison (Supporting information, S2). In Table 2 , the coefficients studied are summarized. JACoP and Imaris software were compared. Within Type II correlation coefficients, Pearson coefficient and Manders, overlap coefficient are the most extended algorithms in quantitative colocalization (Adler & Parmryd, 2010) . Each piece of software offers different colocalization parameters and it is not always easy to make a decision beforehand. In addition, the same mathematical algorithm was presented with a different nomenclature depending on the program. Of note, Imaris software presents three Pearson coefficients; data set in volume, regions of interest volume and colocalized volume (data not shown), where only the data set volume responds to the original Pearson definition (Table 2 ) (BITPLANE, Oxford Instruments, n.d.).
(1) Pearson coefficient
Pearson coefficient was first applied to confocal microscopy in the 1990s by Manders et al. (1992) . In  Figures 4(A) and (B) , the results of Pearson coefficient before and after the deconvolution are depicted. DNA/PEI complexes were completely assembled at the time of transfection (0.60 ± 0.11 in raw data; 0.90 ± 0.03 deconvolved data) and their interaction decreased in time but never achieved negative values (0.16 ± 0.07 at 24 hpt in raw data as minimum value). Of note, all values proportionally increased with deconvolution, since noise was reduced, which highly influenced Pearson coefficient (Adler & Parmryd, 2010) . (2) Manders' values were stable after the deconvolution treatment, highlighting its robustness in facing the presence of noise in particle analysis (Manders et al., 1993) . Moreover, the lack of background in raw data has also contributed to this stability. Manders, value is independent of different intensities between the evaluated channels, which is of benefit in the DNA/PEI analysis since the PEI signal obtained is lower than the DNA one, probably due to its more diffuse labelling. Furthermore, by eliminating the mean signal, Manders, value prevents negative values that make data interpretation difficult (Dunn et al., 2011) . (Table 2 ). These coefficients allowed the colocalization quantification independently from signal proportion. DNA m 1 JACOP trend was like Manders' coefficient (0.94 ± 0.03 and 0.98 ± 0.02 in deconvolved and raw data, respectively); whereas PEI m 2 JACOP value was restored after deconvolution, because of noise removal (which coupled with its low signal highly affect these coefficients). Thus, PEI-Cy5 suffered a fast drop within the first 2 hpt and, afterwards, it progressively disassembled in a minor extent. This fact was also pointed in the scatter plot analysis (Fig. 3) . Interestingly, the calculation of m 1 IMARIS and m 2 IMARIS through Imaris software gave a different trend from that obtained with JACoP. No relevant differences were found for the other coefficients analysed using both software. Finally, when these results were compared with the cooccurrence of DNA and PEI signal analysed with the percentage of colocalized volume (Supporting information, S2), same behaviour for m 1 JACOP and m 2 JACOP was observed. Thus, DNA/PEI disassembly was also corresponded in number of pixels.
From the different results, the usefulness of deconvolution treatment to improve colocalization results is evidenced. This comparison has emphasized that (1) every software only permits the use of certain coefficients, (2) different algorithms present the same trend but with different values, (3) the most robust coefficient to evaluate DNA/PEI disassembly is the Manders, overlap coefficient with raw data and (4) coefficient trends are normalized after deconvolution.
3D qualitative analysis
In Figure 5 , a 3D representation of DNA/PEI disassembly process is observed. Qualitative observation together with the quantitative information, gave a global description of what is occurring intracellularly. First, all complexes were strongly formed when added to the cell culture, which is supported by the high colocalization coefficients at 0 hpt. Then, DNA/PEI disassembly appeared as a heterogeneous process: some complexes remained interacting whereas others started to disassemble. DNA (green) was further observed as microparticles partially complexed by PEI, while PEI (red) was dissociated at longer times. Consequently, Manders, overlap coefficient is observed to decrease with time while the standard deviation increased (Fig. 4) .
In addition, a relevant question in the DNA delivery field is how complexes arrive into the cell nucleus. In Figure 6 , a 3D reconstruction of the three channels analysed in this work (DNA, PEI and cell nuclei) is depicted. Of note, Imaris software offers the mask reconstruction channel of the colocalized pixels (represented with a grey mask, Fig. 6 ). DNA/PEI microparticles of bigger size were in the surroundings of cell nuclei and smaller DNA particles and PEI were visualized outside the nuclei. These results show the potential of 3D imaging plus superresolution by deconvolution as a useful approach to study DNA release and particle tracking in live cells. 
Discussion
DNA/PEI disassembly process has been successfully tracked by CLSM colocalization. Within the different acquisition parameters and computational image tools, several conditions have been adapted to the special features of DNA/PEI complexes, including magnification or laser power. In addition, the application of deconvolution has been tested in different colocalization coefficients using two different programs, for comparison. The use of quantitative colocalization for the study of the DNA release from DNA/PEI complexes has been investigated here. After deconvolution, both Pearson coefficient and Manders, overlap coefficient (Fig. 4) have values around 0.90 ± 0.03 (0 hpt) and decreased until 0.66 ± 0.09 (10 hpt), Manders' being the most robust against high noise presence and less sensitive to different channel intensities (Fig. 4) . Moreover, due to the low volumes occupied by DNA/PEI complexes, just a small percentage of analysed pixels were positive for at least one channel. Thus, these results support the use of these technologies as a complementary tool for bioprocess characterization and diagnosis at nanometric range (Ping-Jie et al., 2012; Reitan et al., 2012; Pike et al., 2017) . For instance, Manders' overlap coefficient has been recently used to track the presence of siRNA/PEI complexes in endocytic vesicles (Lazebnik & Pack 2017) . Compared to other quantitative techniques, quantitative colocalization is time consuming and requires technical expertise. However, it enables the study of dynamic processes at intracellular level. Moreover, the specific detection of the desired molecules has been tracked by fluorescence. Therefore, despite colocalization results should be taken as a relative quantification, the differences along DNA/PEI disassembly kinetics are significant to characterize DNA release. Finally, the possibility to take 3D images with specialized software and colocalization masks enabled the better understanding of the process.
In this work, DNA/PEI complexes were observed in the nuclear envelope at 24 hpt. The presence of micrometric complexes near the nucleus (Figs. 2 and 6 ) could work as a DNA reservoir. Meanwhile the disassembly starts at 2 hpt, some DNA/PEI complexes are maintained at 24 hpt and production yields still increase until longer production times. This fact has been also observed in other transient transfection processes (Baldi et al., 2007; Han et al., 2009; Yue & Wu 2013) . There are several hypotheses in the literature since the trafficking of DNA to the cell nucleus has not been fully characterized (Yue & Wu 2013) . Some authors propose DNA/PEI complexes enter into the nucleus during cell division (Tait et al., 2004; Grosse et al., 2006) , whereas others reported a DNA active transport through the nuclear pores (Han et al., 2009; Gillard et al., 2014) . The data presented here support the hypothesis of nuclear entry since no big DNA/PEI complexes were observed inside them. Cervera et al. (2017) showed the presence of DNA/PEI complexes in the perinuclear region. Furthermore, Han et al. (2009) reported that DNA/PEI disassembly of DNA/PEI complexes allows for protein production. Nonetheless, due to the improvements obtained in image acquisition and postprocessing optimization, the number of complexes per cell shown in the study is higher (seven complexes/nuclei at 0 hpt, Fig. 1 ) and the signal of DNA and PEI alone is clearly evidenced (Fig. 3) .
Along with the aforementioned improvements in CLSM, new technologies such as white laser and hybrid detectors for optimizing stimulation and emission of selected fluorochromes, as well as the latest generation of superresolution techniques, such as HyVolution and Stimulated emission depletion 3D (Leica Microsystems) or Airyscan systems (Zeiss), will become fundamental technologies in further colocalization studies, thereby allowing the performance of more rigorous analyses. These systems allow optimal observation of capture within a set parameter, together with deconvolution and improved optical resolution. This fact is especially relevant in the nanotechnology field, for instance, nm-size DNA/PEI complexes subpopulations have been described in literature, but have not been visualized by CLSM yet (Choosakoonkriang et al., 2003; Yue & Wu, 2013; González-Domínguez, 2017) . The improvements obtained in this work coupled with these new technologies will enable the systematic study of DNA delivery in living cells by CLSM since this is still the reference methodology in the field.
